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(54) SPINDLES PEENING OFFSET FIXTURE FOR CNC TURNING

(67) A turning fixture including a fixture insert at-
tached to the turning fixture, the fixture insert comprising
an upper portion having an upper portion body, the upper
portion body includes a central span with a first arm and
second arm opposite the first arm, a cavity is defined
between the first arm and the second arm along the cen-
tral span on an inner side of the upper portion body; the

S

N -

fixture insertincluding a lower portion having a lower por-
tion body that includes a chamber located centrally be-
tween afirstend and asecond end; and arod is insertable
through the lower portion through the chamber, the rod
being configured to apply a force to a compressor spindle
vane inserted between the upper portion and the lower
portion.
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Description

[0001] The presentdisclosure is directed to the relative
positions of spindle/trunnion surfaces on spindle vanes
after post processing operations. Particularly a fixture is
configured to account for the offset on spindles caused
by stress relief and peening processing.

[0002] The general process flow for milling a compres-
sor spindle vane includes operations that are the primary
drivers for the dimensional requirements of the spindles,
buttons, and the airfoil. For a mill process, an oversized
forging is loaded into a mill turn CNC to turn the spindles.
Then a 5-axis CNC is employed to mill the airfoil. From
there, the part goes through a variety of finishing opera-
tions. Most of the finishing operations have a negligible
effect on the dimensional requirements except for airfoil
peening. Airfoil peening has been shown to significantly
change the overall shape of the part via bowing. After all
finishing operations are done, the part is inspected for
airfoil and spindle dimensions.

[0003] The problem to be solved includes the relative
positions of spindle/trunnion surfaces on spindle vanes
after post processing operations. The relative position of
the ID spindle to the OD spindle shifts through finishing
operations such as airfoil peening and is the main driver
for cost of poor quality on spindle vanes.

[0004] Historically, the problem was thought to be the
airfoil peening operation, thus the engineering focus to
solve the problem has been on the peening process.
Through the heightened focus on the peening operation,
peening has become highly controlled and repeatable
while also minimizing the amount of distortion caused by
peening.

[0005] However, peening will always cause some dis-
tortion to an extent, and the process is now thought to
have distortion minimized as best possible for production.
The peening distortion amountis still causing the majority
of dimensional nonconformances for spindle vanes. The
focus has shifted to the CNC turning operation to find
ways to offset for peening distortions.

[0006] As seen by the contrast of Fig. 1 showing the
spindles S being aligned on the same axis and Fig. 2
showing the spindles S being distorted relative to each
other and being nonconforming. The relative position of
the inner diameter (ID) spindle to the outer diameter (CD)
spindle moves through post turning operations such as
stress relief and airfoil peening. Itis anticipated that spin-
dle tolerances will become more restrictive in the future.
It is known that airfoil peening will be required on com-
pressor airfoils, and airfoil peening will distort an airfoil
to at least some degree.

[0007] The solution is to find a way to offset a part at
the turning operation to account for peening distortion.
[0008] Inaccordance with the presentdisclosure, there
is provided a turning fixture comprising a fixture insert
attached to the turning fixture, the fixture insert compris-
ing an upper portion having an upper portion body, the
upper portion body includes a central span with a first

10

15

20

25

30

35

40

45

50

55

arm and second arm opposite the first arm, a cavity is
defined between the first arm and the second arm along
the central span on an inner side of the upper portion
body; the fixture insert including a lower portion having
a lower portion body that includes a chamber located
centrally between a first end and a second end; and a
rod is insertable through the lower portion through the
chamber, the rod being configured to apply a force to a
compressor spindle vane inserted between the upper
portion and the lower portion.

[0009] Particular embodiments may include at least
on, or a plurality of, the following optional features. These
feature may be present separately, orin combination with
reach other, unless indicated otherwise.

[0010] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the cavity is sized to allow for an airfoil of the com-
pressor spindle vane to deflect without impinging on the
inner side.

[0011] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the lower portion body is configured to contact the
airfoil opposite the first arm and the second arm of the
upper portion.

[0012] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the lower portion body is configured to contact the
airfoil along a length of the airfoil minus a chamber width.
[0013] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the rod is configured to translate through the cham-
ber for impingement on the airfoil and to apply the force
that deflects the airfoil toward the cavity.

[0014] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the upper portion is configured to press against the
airfoil with both the first arm and the second arm proxi-
mate filets of each of the spindles.

[0015] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the rod is configured to press against the airfoil on
an opposite side of the airfoil from the first arm and the
second arm.

[0016] Inaccordance withthe presentdisclosure, there
is provided a turning fixture for machining a compressor
spindle vane comprising a fixture insert attached to the
turning fixture, the fixture insert comprising an upper por-
tion having an upper portion body, the upper portion body
includes a central span with a first arm and second arm
opposite the first arm, a cavity is defined between the
first arm and the second arm along the central span on
an inner side of the upper portion body; the fixture insert
including a lower portion having a lower portion body that
includes a chamber located centrally between a first end
and a second end; and a rod is insertable through the
lower portion through the chamber, the rod being config-
ured to apply a force to an airfoil of the compressor spin-
dle vane inserted between the upper portion and the low-
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er portion.

[0017] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the cavity is sized for deflection of the airfoil of the
compressor spindle vane in the absence of impingement
on the inner side.

[0018] Particular embodiments may include at least
on, or a plurality of, the following optional features. These
feature may be present separately, orin combination with
reach other, unless indicated otherwise.

[0019] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the lower portion body is configured to contact the
airfoil opposite the first arm and the second arm of the
upper portion.

[0020] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the rod is configured to translate through the cham-
ber for impingement on the airfoil and to apply the force
that deflects the airfoil toward the cavity.

[0021] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the force applied by the rod is configured to distort
the compressor spindle vane in an equal and opposite
amount of a predetermined distortion defined by a sub-
sequent finishing operation.

[0022] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the fixture insert is interchangeable in the turning
fixture and configured to be replaced by another fixture
insert configured for a particular design.

[0023] Inaccordance with the presentdisclosure, there
is provided a process for distorting a compressor spindle
vane mounted in a turning fixture comprising inserting
the compressor spindle vane into a fixture insert attached
the turning fixture between an upper portion and a lower
portion; forcing a rod against an airfoil of the compressor
spindle vane toward a cavity formed in the upper portion;
and creating an offset in the compressor spindle vane.
[0024] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the upper portion body includes a central span with
a first arm and a second arm opposite the first arm; the
cavity being defined between the firstarm and the second
arm along the central span on an inner side of the upper
portion body proximate to the compressor spindle vane.
[0025] Particular embodiments may include at least
on, or a plurality of, the following optional features. These
feature may be present separately, orin combination with
reach other, unless indicated otherwise.

[0026] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the lower portion includes a lower portion body that
includes a chamber located centrally between a first end
and a second end; and the rod is insertable through the
lower portion through the chamber.

[0027] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
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clude the compressor spindle vane offset is in an equal
and opposite amount of a predetermined distortion de-
fined by subsequent finishing operation.

[0028] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the offset is a distortion defined by an angle of
deflection from a central axis of the compressor spindle
vane.

[0029] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising at least one of: re-
moving the fixture insert from the turning fixture; and in-
serting the fixture insert in the turning fixture; and replac-
ing the fixture insert with another fixture insert configured
for a particular design.

[0030] A further embodiment of any of the foregoing
embodiments may additionally and/or alternatively in-
clude the process further comprising controlling an
amount of angle offset on spindles of the compressor
spindle vane in the fixture with a zero out dial indicator.
[0031] The disclosed process can offset for the distor-
tion that happens through post processing and still use
the capability of turning both spindles on the same axis
in a CNC lathe.

[0032] The intent of the disclosed process is to focus
on spindle turn, airfoil peen, and spindle inspection. The
goal is to have conforming spindles at spindle inspection.
The current process attempts to minimize distortion
caused during peening, however, minimizing the distor-
tion is not adequate. Whereas the disclosed process ac-
counts for distortion at spindle turn by offsetting the spin-
dles, so the inherent and controlled distortion caused by
peening will ‘correct’ the spindles thus yielding a con-
forming part.

[0033] Other details of the disclosed process and fix-
ture are set forth in the following detailed description and
the accompanying drawings wherein like reference nu-
merals depict like elements.

Fig. 1 is a schematic representation of an exemplary
conforming spindle.

Fig. 2 is a schematic representation of an exemplary
nonconforming spindle.

Fig. 3 is a front view schematic representation of an
exemplary fixture.

Fig. 4 is an isometric view schematic representation
of the exemplary fixture.

Fig. 5 is a front view schematic of the exemplary
fixture engaging a part.

Fig. 6 is an isometric view schematic of the exem-
plary fixture engaging a part.

Fig. 7 is a front view schematic of the exemplary
fixture engaged on a part with shape change.

Fig. 8 is a front view schematic of the exemplary
fixture engaged on a part with shape change.

Fig. 9 is a process map of the exemplary process.

[0034] Referring to Fig. 3 and Fig 4, there is illustrated
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exemplary fixture insert 10. The fixture insert 10 are con-
figured to go into a standard turning fixture 12 (shown
schematically). The fixture insert 10 are configured to
support a compressor spindle vane 14. The fixture insert
10 can be utilized to supportthe compressor spindle vane
14 during a spindle turn operation. The fixture insert 10
includes an upper portion 16 and a lower portion 18.
[0035] The upper portion 16 includes an upper portion
body 20. The upper portion body 20 includes a central
span 22 with a first arm 24 and second arm 26 opposite
the first arm 24. A cavity 28 is defined between the first
arm 24 and second arm 26 along the central span 22 on
an inner side 30 of the upper portion body 20 proximate
to the compressor spindle vane 14. The cavity 28 is sized
to allow sulfficient space for the airfoil A of the compressor
spindle vane 14 to deflect without impinging on the inner
side 30.

[0036] The lower portion 18 includes a lower portion
body 32. The lower portion body 32 includes a chamber
34 located centrally between a first end 36 and a second
end 38. The lower portion body 32 contacts the airfoil A
opposite the first arm 24 and the second arm 26 of the
upper portion 16, as well as along the length of the airfoil
A. The chamber 34 does not contact the airfoil A along
the width of the chamber 34. The chamber 34 receives
a rod 40 that translates through the chamber 34 for im-
pingement on the airfoil A.

[0037] Referring also to Fig. 5, Fig. 6, Fig. 7, and Fig.
8, showing more details of the fixture inserts 10. The rod
40 is configured to press against the airfoil A and apply
a deflection force that deflects the airfoil A toward the
cavity 28.

[0038] The upper portion 16 is configured to press
against the airfoil A with each of the first arm 24 and the
second arm 26 proximate each of filets of the spindles
42 44_The rod 40 is configured to press against the airfoil
A at approximately a central portion 46 of the airfoil A.
The rod 40 is configured to press against the airfoil on
an opposite side of the airfoil A from the arms 24, 26.
[0039] AsseeninFig.7 and Fig. 8, the schematic rep-
resentation of the translation of the rod 40 pressing
against the airfoil A at a central portion 46 distorts the
compressor spindle vane part 14 to create an offset 48
from a central axis C. The offset 48 can be defined by an
angle of deflection 50. The offset 48 is configured to
match the anticipated distortion that will be created by
the peening processing.

[0040] The turning fixture 12 with fixture inserts 10 and
rod 40 apply sufficient force on the pre-machined airfoil
A during the turning operation to distort the compressor
spindle vane part 14 in an equal and opposite amount of
the distortion that the subsequent peening operation will
have on the compressor spindle vane part 14. The fixture
insert 10 is insertable and can be customized for partic-
ular compressor spindle vane parts 14, such that the fix-
ture insert 10 can be swapped out for another fixture in-
sert 10 for particular designs during changeover. The fix-
ture insert 10 can be matched to particular part 14 design
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to achieve the required offset on the spindles 42, 44. A
dial indicator (not shown) can be used to obtain the pre-
determined offset on the part 14 during the turning proc-
ess. The amount of angle offset 48 on the spindles 42,
44 while loading in the fixture 12 can be controlled with
the zero out dial indicator. The fixture inserts 10 can be
designed for applying the pressure to points along the
airfoil A in order to achieve the required offsets on the
spindles 42, 44.

[0041] Inanexemplary embodiment, the fixture 12 with
fixture insert 10 can be targeted for manufacturing target
dimensions for the spindles 14 which should allow for
conforming to blueprint dimensions at a final spindle in-
spection.

[0042] An actuator 52 is in operative communication
with the rod 40. The actuator 52 is configured to move
the rod 40 for the application of the forces to deflect the
airfoil A.

[0043] Referringto Fig.9a process map is shown. The
process 100. The process 100 includes a step 102 of
assembling the fixture insert into the standard turning
fixture. The step 104 includes inserting the compressor
spindle vane into the fixture insert. The step 106 includes
applying forces to distort the compressor spindle vane.
The step 108 includes machining the spindles. The step
110 includes removing the compressor spindle from the
fixture and process through finishing operations.

[0044] A technical advantage of the disclosed fixturing
process and fixture includes producing an offset on a part
at the turning operation to account for peening distortion
to give manufacturing better process control and capa-
bility.

[0045] Another technical advantage of the disclosed
fixturing process and fixture includes the capacity to
change the fixture along with a new control plan to allow
for manufacturing operations to target for a predeter-
mined amount of offset by applying more or less force to
the compressor spindle vane, and while avoiding capitol
expense for downstream processing.

[0046] Another technical advantage of the disclosed
fixturing process and fixture includes the capacity to have
greater process control and capability because manu-
facturing process can turn the part with distortion added
to account for the inherent distortion caused by finishing
operations.

[0047] Another technical advantage of the disclosed
fixturing process and fixture includes the capacity to de-
sign a process that accounts for the known finishing dis-
tortions.

[0048] Another technical advantage of the disclosed
fixturing process and fixture includes a fixture that ena-
bles control over the process at the machining level in-
stead of reacting to a widely known condition after the
part is over 90% complete.

[0049] Another technical advantage of the disclosed
fixturing process and fixture includes a fixturing process
that allows one to fix the spindle relative position issue
during manufacturing of the compressor spindle vane to
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reduce cost of poor quality, improve engine performance
and limit wear issues in the field.

[0050] There has been provided a process and fixture.
While the process and fixture have been described in the
context of specific embodiments thereof, other unfore-
seen alternatives, modifications, and variations may be-
come apparent to those skilled in the art having read the
foregoing description. Accordingly, it is intended to em-
brace those alternatives, modifications, and variations
which fall within the broad scope of the appended claims.

Claims
1. A turning fixture comprising:

afixture insert attached to the turning fixture, the
fixture insert comprising an upper portion having
an upper portion body, the upper portion body
includes a central span with a first arm and sec-
ond arm opposite the firstarm, a cavity is defined
between the first arm and the second arm along
the central span on an inner side of the upper
portion body; the fixture insert including a lower
portion having a lower portion body thatincludes
a chamber located centrally between a first end
and a second end; and

a rod is insertable through the lower portion
through the chamber, the rod being configured
to apply a force to a compressor spindle vane
inserted between the upper portion and the low-
er portion.

2. The turning fixture according to claim 1,
wherein the cavity is sized to allow for an airfoil of
the compressor spindle vane to deflect without im-
pinging on the inner side.

3. The turning fixture according to claim 1 or 2,

wherein the lower portion body is configured to
contact the airfoil opposite the first arm and the
second arm of the upper portion; and/or
wherein the lower portion body is configured to
contact the airfoil along a length of the airfoil
minus a chamber width.

4. The turning fixture according to any of claims 1 to 3,
wherein the rod is configured to translate through
the chamber for impingement on the airfoil and to
apply the force that deflects the airfoil toward the
cavity.

5. The turning fixture according to any of claims 1 to 4,
wherein the upper portion is configured to press
against the airfoil with both the first arm and the sec-
ond arm proximate filets of each of the spindles.
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The turning fixture according to any of claims 1 to 5,
wherein the rod is configured to press against the
airfoil on an opposite side of the airfoil from the first
arm and the second arm.

The turning fixture according to any of claims 1 to 6,
wherein the turning fixture is for machining a com-
pressor blade spindle vane.

A turning fixture for machining a compressor spindle
vane comprising:

a fixture insert attached to the turning fixture, the
fixture insert comprising an upper portion having
an upper portion body, the upper portion body
includes a central span with a first arm and sec-
ond arm opposite the firstarm, a cavity is defined
between the first arm and the second arm along
the central span on an inner side of the upper
portion body; the fixture insert including a lower
portion having a lower portion body thatincludes
a chamber located centrally between a first end
and a second end; and

a rod is insertable through the lower portion
through the chamber, the rod being configured
to apply a force to an airfoil of the compressor
spindle vane inserted between the upper portion
and the lower portion.

9. The turning fixture for machining a compressor spin-

dle vane according to claim 7 or 8,

wherein the cavity is sized for deflection of the
airfoil of the compressor spindle vane in the ab-
sence of impingement on the inner side; and/or
wherein the lower portion body is configured to
contact the airfoil opposite the first arm and the
second arm of the upper portion; and/or
wherein the rod is configured to translate
through the chamber forimpingement on the air-
foil and to apply the force that deflects the airfoil
toward the cavity.

. The turning fixture for machining a compressor spin-
dle vane according to any of claims 7 to 10,

wherein the force applied by the rod is config-
ured to distort the compressor spindle vane in
an equal and opposite amount of a predeter-
mined distortion defined by a subsequent finish-
ing operation; and/or

wherein the fixture insert is interchangeable in
the turning fixture and configured to be replaced
by another fixture insert configured for a partic-
ular design.

11. A process for distorting a compressor spindle vane

mounted in a turning fixture comprising:
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inserting the compressor spindle vane into a fix-
ture insert attached the turning fixture between

an upper portion and a lower portion;

forcing a rod against an airfoil of the compressor
spindle vane toward a cavity formed in the upper %
portion; and

creating an offset in the compressor spindle
vane.

12. The process of claim 11, 10

wherein the upper portion body includes a cen-

tral span with a first arm and a second arm op-
posite the first arm; the cavity being defined be-
tween the first arm and the second arm along 75
the central span on an inner side of the upper
portion body proximate to the compressor spin-

dle vane; and/or

wherein the lower portion includes a lower por-

tion body that includes a chamber located cen- 20
trally between a first end and a second end; and

the rod is insertable through the lower portion
through the chamber.

13. The process of claim 11 or12, 25

wherein the compressor spindle vane offset is

in an equal and opposite amount of a predeter-
mined distortion defined by subsequent finishing
operation; and/or 30
wherein the offset is a distortion defined by an
angle of deflection from a central axis of the com-
pressor spindle vane.

14. The process of any of claims 11 to 13, 35
further comprising:
at least one of:

removing the fixture insert from the turning fix-
ture; and 40
inserting the fixture insert in the turning fixture;

and

replacing the fixture insert with another fixture
insert configured for a particular design.

45
15. The process of any of claims 11 to 14,
further comprising:
controlling an amount of angle offset on spindles of
the compressor spindle vane in the fixture with a zero
out dial indicator. 50
55
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